The three-dimensional coordinates of 23 selected soft-tissue facial landmarks were digitized on 18 cleft lip and palate (CLP) white patients (11 male and 7 female patients aged 19-27 years) and 161 healthy controls (73 female and 89 male subjects aged 18-30 years) by an electromagnetic instrument. Facial asymmetry was quantified by detecting a plane of symmetry and the centers of gravity (CG) of the right and left hemifaces and by calculating the distance between the two CG (distance from symmetry [DFS]). Both absolute (millimeters) and percentage (of the nasion center of gravity distance) DFS was obtained. The asymmetry of single landmarks was also quantified. Overall, asymmetry in operated CLP patients appeared only moderately larger than that measured in the healthy reference population, with the largest value being only 5% larger than the maximum normal asymmetry. Female patients had a somewhat larger lateral asymmetry than male patients, and unilateral CLP patients (particularly the men) were more asymmetrical than bilateral CLP patients. Pronasale and subnasale landmarks were asymmetrical in 8 patients, whereas endocanthion, zygion, cheilion, and gonion landmarks were symmetrical in all patients. In conclusion, the facial soft-tissue structures of CLP patients operated on as adults were only moderately more asymmetrical than those measured in a reference group of the same age, sex, and ethnicity.
A symmetry in the dimensions and spatial position of facial structures is a common finding in healthy individuals and in esthetically pleasing faces. [1] [2] [3] [4] [5] [6] [7] [8] Furthermore, several craniofacial anomalies are characterized by severe hard-and soft-tissue asymmetry. [9] [10] [11] [12] Most studies involving the quantitative assessment of facial asymmetry in living persons have been performed on two-dimensional reproductions of hard-tissue (radiographs) or soft-tissue (photographs) morphology. [3] [4] [5] 10, [13] [14] [15] Unfortunately, both methods project a complex three-dimensional structure onto a two-dimensional plane, thus causing one of the facial dimensions, usually facial depth, to be lost. Radiographic analyses have a further limitation: they use ionizing radiations and thus are invasive.
It is well known that the facial structures have specific characteristics related to age, sex, race, and ethnicity as well as secular variations. 2, 12, [16] [17] [18] [19] For correct assessment of patients, the collection of normative data on comparable individuals is therefore essential. Currently, radiographic analyses cannot be performed on healthy subjects without a medical indication. Indeed, correct evaluation of facial asymmetry should involve all three spatial planes simultaneously. 1, 2, [6] [7] [8] 20 Both classic direct anthropometry and modern three-dimensional noninvasive data collection instruments can be used in normal individuals, because their use does not infringe any current ethical consideration. 1, 2, [6] [7] [8] [9] 20, 21 The literature reports several investigations that analyzed craniofacial asymmetry of operated cleft lip and palate (CLP) patients. In particular, the features of the skeletal and soft-tissue structures as depicted by posterior-anterior radiographs and oblique mandibular projections have been widely detailed. 3, 10, 11, 14, 15 The limitations of this radiographic approach have been listed before. In contrast, a smaller number of investigations reported noninvasive soft-tissue data. 4, 6, 7, 13, 21 Facial asymmetry can be analyzed following two main approaches. Left and right side measurements can be compared: a detailed description of localized asymmetry can be easily provided, but global evaluation of the face is lost. 1, 3, 4, 10, 11, [13] [14] [15] 21 In contrast, more sophisticated methods can individualize local left-right imbalances without losing the complex arrangement of facial morphology. 2, [6] [7] [8] The method introduced by Ferrario et al 2 calculates an asymmetry vector (distance from symmetry [DFS] ) that allows the quantification of the absolute degree of asymmetry and its three-dimensional direction and verse as well as the location of individual asymmetrical landmarks. Landmark coordinates are collected by a noninvasive electromagnetic three-dimensional digitizer. Normative data have been collected on 314 healthy white subjects aged 12 to 56 years. 2 In the current study, the same method has been applied to a group of adult patients with complete CLP after the completion of several surgical procedures. The aim of the study was to measure facial asymmetry in CLP patients operated on as adults compared with normal adults in an attempt to provide a final assessment of their facial outcome.
MATERIALS AND METHODS

Patients
D
ata from 18 patients (11 male, 7 female) aged 19 to 27 years (mean = 23 years, SD = 2.61) with complete CLP without any other associated malformations were collected in the current study (Table 1) . Five patients (3 male, 2 female) had a bilateral cleft (BCLP), 5 (2 male, 3 female) had a unilateral (UCLP) cleft on the right side, and the other 8 patients (6 male, 2 female) had a UCLP on the left side. All patients were white northern Italians and were born between 1973 and 1981. They represented 64% of the 28 young adults asked to participate in the examination.
All patients had undergone several surgical procedures for the repair of their skeletal and soft-tissue whereas anterior palatal surgery was carried out according to the method of Perko 24 between 5 and 7 years of age. Fifteen patients received an alveolar bone graft according to their dental age (eruption of the maxillary permanent canine). At the end of facial growth, after 18 (male patients) or 16 (female patients) years of age, six men and seven women also underwent rhinoseptoplasty. Reference data were collected in a previous investigation performed on 73 female and 89 male normal subjects of the same ethnic group, age, and sex. 2 All the analyzed individuals gave their informed consent to participate in the experiment. The study protocol was approved by the local ethics committee.
Collection of Three-Dimensional Facial Landmarks
A detailed description of the data collection procedure can be found in the article by Ferrario et al. 25 In brief, for each subject, a single experienced operator located the landmarks and marked them on the cutaneous surface. During landmark marking, the subjects sat relaxed in a position suitable for correct identification of facial features. The reproducibility of landmark identification, marker positioning, and the data collection procedure was previously reported and found to be reliable. 25 Three-dimensional coordinates of the facial landmarks were then obtained with a computerized electromagnetic digitizer (3Draw; Polhemus, Colchester, VT). Using the instrument stylus, a single operator digitized the marked landmarks while the subjects sat motionless with a natural head position. The files of the three-dimensional (x, y, z) coordinates were then obtained, and computer programs devised and written by one of the authors were used for all the subsequent calculations.
The complete set of 50 soft-tissue landmarks 25 allowed for quantitative study of the head, face, orbits, nose, lips and mouth, and ears in the living human subjects. In the current study, only the following soft-tissue landmarks were considered (Fig 1) :
• Midline landmarks: nasion (n), pronasale (prn), subnasale (sn), pogonion (pg), and menton (me) • Paired landmarks (right and left side, noted as r and l): exocanthion (ex r , ex l ), endocanthion (en r , en l ), orbitale superius (os r , os l ), frontotemporale (ft r , ft l ), zygion (zy r , zy l ), tragion (t r , t l ), nasal alar crest (ala r , ala l ), cheilion (ch r , ch l ), and gonion (go r , go l )
Landmark positions were defined according to Farkas. 26 Overall, the mean error in landmark digitization (over 50 landmarks) ranged between 0.97 and 1.92 mm.
25
Data Analysis
The method (DFS) has been described in detail elsewhere. 2 In brief, the analysis was performed as follows.
Asymmetry in the Individual Subjects
In each patient there was calculation of the following: • Plane of symmetry in the three-dimensional space (the vertical plane passing through the nasion landmark and perpendicular to the plane connecting the two exocanthi) • Centers of gravity (CG) of the two facial halves (from the x, y, z coordinates of the paired endocanthion, orbitale superius, frontotemporale, zygion, tragion, nasal alar crest, cheilion, and gonion landmarks); the CG of the right side was further mirrored on the left side of face. The percentage asymmetry moduli were computed to compare faces of different dimensions using the nasion-CG distance as a general estimate of facial dimensions.
Localized Asymmetry
The separate contributions of the paired facial landmarks to the lateral facial asymmetry (DFS 1 ) were assessed in the individual subjects and divided into their x, y, and z components (millimeters). For the midline landmarks, only the x component (DFS m ) was computed (the z and y component of this vector are null).
To supply a threshold value for the identification of individual asymmetrical patients, the maximum normal asymmetry was estimated as the mean plus 2 SD in reference normal subjects. Table 1 reports the asymmetry indices of paired (DFS 1 ) and midline (DFS m ) landmarks as well as the total asymmetry indices (DFS t , DFS%) for all analyzed patients. Overall, asymmetry in the present group of CLP patients appeared only moderately larger than that measured in the healthy reference population, with the largest value being only 5% larger than the maximum normal asymmetry. 2 In all patients, the lateral facial asymmetry DFS 1 was lower than the maximum normal asymmetry measured in healthy individuals of the same age, sex, and ethnic group. Overall, most patients had a larger left side of the face, which was located more superiorly and more backward. Female patients had a somewhat larger lateral asymmetry than male patients, and UCLP patients (particularly the men) were more asymmetrical than BCLP patients. No formal statistical tests were performed, however, considering the reduced number of patients in each group.
RESULTS
In five male and two female patients, the midline asymmetry index exceeded the maximum normal asymmetry. Three of the five BCLP patients (M01, M03, and F01) had the lowest DFS m of the analyzed group. In 10 of 18 patients, the midline landmarks were located on the right of the median plane, without any relation to the presence of a bilateral or a unilateral cleft, or to its side.
Four patients (three men, one woman) had both a total and percentage asymmetry larger than the sex-related maximum asymmetry value. Women had larger asymmetry than men, and UCLP patients had larger asymmetry than BCLP patients.
No differences between normal individuals and patients in overall facial dimensions were observed (mean value in male patients = 65.5 mm, mean value in female patients = 59.6 mm).
When examining the distribution of the single landmarks (Table 2) , pronasale exceeded the maximum asymmetry threshold in three men and five women and subnasale exceeded the maximum asymmetry threshold in four men and four women. All the other landmarks were "asymmetrical" only in 2 (orbitale superius, tragion, and pogonion) or 1 (frontotemporale, ala nasi, and menton) of 18 patients. Endocanthion, zygion, cheilion, and gonion landmarks were "symmetrical" in all patients. Overall, localized soft-tissue asymmetry was not considerable in the present group of patients: the most asymmetrical landmarks were the gonion in Patient M05 (about 21% of the nasion-CG distance) and the frontotemporale in Patient F07 (about 17% of the nasion-CG distance).
No consistent patterns of landmark distribution were observed. For instance, pronasale was the most asymmetrical midline landmark in six men and three women and the least asymmetrical in two men and two women. Ala nasi was the least asymmetrical paired landmark in three men and two women and
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the most asymmetrical in Patient M08. Three women had cheilion as the least asymmetrical landmark in contrast to Patient M06.
The side of the cleft or the kind of cleft apparently did not influence the prevalent side of asymmetrical landmarks. For midline landmarks, a rightside location was found in 10 men and 3 women for pronasale, in 8 men and 5 women for subnasale, in 2 men and 5 women for pogonion, and in 4 men and 4 women for menton. For paired landmarks, the rightside frontotemporale was more distant from the median plane than its counterpart in 4 men and 2 women, the orbitale superius in 3 men and 3 women, the endocanthion in 5 men and 4 women, the zygion in 4 men and 1 woman, the tragion in 2 men and 1 woman, the ala nasi in all men and 6 women, the cheilion in 6 men and 6 women, and the gonion in 3 men and 4 women.
DISCUSSION
A nthropometry is a useful tool for the assessment of the soft-tissue anatomy of the head and face, supplying the clinician with quantitative indications about the structures and regions that differ the most from the norm. [27] [28] [29] Conventional anthropometry has several limitations (i.e., complexity, time, lack of computerized instruments), making data collection time-consuming and demanding for both the clinician and the patient. 13, 25 Current technology provides several instruments that can be used for indirect anthropometric assessments. 6, 7, 13, 20, 21, 30 Recent investigations have described photographic, 13, 29 stereophotogrammetrical, [6] [7] [8] and laser scanning 21 image analysis systems for indirect anthropometry in CLP patients. These systems have several limitations, which have been recognized by the same authors (i.e., photographs are two dimensional 13, 29 and stereophotogrammetry does not directly identify the cutaneous landmarks); actually, the landmarks of interest are recognized only on the digitized reconstructions of the face, and inaccuracy in some spatial directions for occasional landmarks has been reported. 6 In addition, laser scanning provides a wealth of points but not actual anatomical landmarks, and the analysis is best performed in facial "areas." 30 Nevertheless, this system performed better than conventional direct anthro- All values are mm. Max, maximum normal asymmetry in individual subjects.
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pometry in terms of assessment time, patient cooperation, and computerized calculations (form and shape quantification). 13 The present three-dimensional approach could couple the benefits of conventional anthropometry and computerized stereophotogrammetrical, photographic, or laser systems, thus proving simple, fast, and direct computerized anthropometry. Currently, the system is being used on normal 3-year-old children, 31 and it may be used on childhood CLP patients.
In the present investigation, facial asymmetry in CLP patients operated on as adults was assessed starting from the spatial coordinates of selected softtissue facial landmarks and compared with that found in normal individuals of the same age, sex, and ethnic group. 2 In the analysis, the threedimensional plane of symmetry was defined as the vertical plane passing through the nasion landmark and perpendicular to the plane connecting the two exocanthi. Nasion and eye landmarks are widely used as soft-tissue references and have already been found to perform well, even in CLP patients. 4, [6] [7] [8] 21 In contrast, the addition of the pronasale and labiale superius landmarks 20 may introduce a bias in this kind of craniofacial malformation.
The current analysis did not involve all 50 facial landmarks that are normally collected using the electromagnetic digitizer. 25 The DFS calculations were limited to a set of soft-tissue landmarks chosen because they are those most usually seen by visual inspection (eyebrows, endocanthi, eye fissure, ala nasi, and buccal commissura). 1 Moreover, these landmarks described facial soft tissues with nearly the same weight for all features (eyes, ears, nose, mouth, and cheeks), forming a convex pattern in each facial half (see Fig 1) . Previous investigations on CLP patients used a similar set of soft-tissue landmarks. 4, 6, 7, 29 In the reference group, 2 the maximum normal asymmetry was calculated as suggested by Farkas 1 to furnish a threshold value for the identification of asymmetrical subjects. Overall, both midline and lateral asymmetry in the present group of operated CLP patients appeared only moderately larger than that measured in the healthy reference population. 2 Indeed, in the normal reference subjects, on average, a slight specific population asymmetry (the prevalence of the same side of the face most of the analyzed subjects) was present: the right side of the face was greater than the left side and was located more inferiorly and more posteriorly. 2 In contrast, most of the present patients had a greater left side of the face, which was located more superiorly and more posteriorly than the right side. In both the reference group and most of the analyzed patients, the profile landmarks were located on the right side of the face. Female patients had a somewhat larger lateral and total asymmetry than male patients, and UCLP patients (particularly the men) appeared more asymmetrical than BCLP patients. In contrast, midline asymmetry did not seem to be related to the presence of a BCLP or UCLP, or to its side. No consistent patterns in the distribution of localized asymmetry (see Table 2 ) could be detected. Pronasale and subnasale landmarks exceeded the maximum asymmetry threshold in the largest number of patients (8 of 18 patients). Indeed, the analysis of localized asymmetry could help in the identification of those landmarks that differ the most from the reference population and where additional surgical/orthodontic procedures might be performed.
It has to be mentioned that the detection of a significant degree of "asymmetry" in a group of patients is directly dependent on the asymmetry of the reference population or control group. 3 For instance, no patient gonion landmark had an asymmetry value larger than the normal maximum, even if it was the most asymmetrical landmark in 4 of 18 men and the second most asymmetrical landmark in another 4 men. In the previous investigation, normal subjects had gonion and tragion as their most asymmetrical landmarks, whereas endocanthion was the most symmetrical landmark. 2 Previous investigations on facial soft-tissue asymmetry of CLP patients analyzed only childhood and adolescent subjects. For instance, Ras et al 6, 7 found that at 7 years of age ULCP patients operated on had a significantly larger asymmetry in the vertical dimension than age-matched controls. Nostril, cheilion, and crista philtri landmarks as well as the midsagittal landmarks as a whole were significantly more asymmetrical in patients than in controls. Patients with UCLP had a dominance of the nonaffected side in the vertical and sagittal directions. Duffy et al 21 found an obvious nasal asymmetry in UCLP patients operated on at 8 to 11 years of age, even if their soft-tissue asymmetry was lower than the previously reported hard-tissue asymmetry.
Kyrkanides et al 4 reported that soft-tissue nasal and lip asymmetry reduced with time and maturation in CLP patients operated on as children and that it was larger in controls than in patients after puberty. Significant differences were found only before puberty. They concluded that facial asymmetry in CLP patients was smaller than expected.
Moreover, hard-tissue asymmetry does not appear to be widespread in CLP patients. Although asymmetry in the nasal cavities in both the vertical and horizontal directions, together with deviations of the bony nasal septum, and left-right differences in the dentoalveolar components are well documented, 3, 5, 11 mandibular and cranial base asymmetry in UCLP patients is not statistically larger than in controls. 10, 14, 15 Skeletal asymmetry is partly compensated for by the soft tissues. 2, 6, 7 In CLP patients, the alterations of the soft tissues (disruption of the muscles of facial expression 32 ) closely interlock with those caused by the surgical treatments. 21, 29, 32, 33 Nevertheless, functional and anatomically guided surgical reconstruction of the muscles is mandatory to provide the correct stimuli to the cartilaginous growth centers and periosteal and sutural growth fields. 32 Overall, considering the reports in the literature and the present data, CLP patients operated on as children appear to possess a larger asymmetry than adolescent and adult patients. Two factors should be taken into consideration: facial growth and additional surgical/orthodontical procedures. Indeed, during normal growth, asymmetry seem to decrease, an effect found for both facial soft tissues and footprints. 2, 34 In the present group, six male patients and seven female patients also underwent surgery at the nasal septum after puberty, but they were not all more or less asymmetrical than the other patients. This (possible) effect of facial growth should be taken into account when planning the surgical correction of CLP patients.
In conclusion, the facial soft-tissue structures of CLP patients operated on as adults were only moderately more asymmetrical than those measured in a reference group of the same age, sex, and ethnicity. The limited number of patients did not allow assessing the effect of UCLPs versus BCLPs. Further analyses of larger groups of patients are needed as well as longitudinal assessments of the patterns of craniofacial growth and development.
